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The Navy overinvests tens of millions of dollars yearly
in inventories of repair parts for its 105 nrclear submarines
because of weaknesses in establishing and maintaining inventory
levels on board submarines and tenders. Findings/Conclusions:
Over a 5-year period, the Navy can save as much as $106.9
million in future investments in supplies for submarines and
tenders. This can be done while still keeping the submarines and
tenders ready for combat. The accuracy of usage data needs to be
improved and more realistic safety levels and order-ship times
could be used in computing stock requirements. Submaine tenders
can cancel and redistribute millions of dollars of excess tock
each year by improving policies and practices. Recommendtions:
The Secretary of Defense should direct the Navy to eliminate
initial estimates of parts needed when updating replacement
rates and rely more on the last 2 years' data if the rates are
not updated annually; require submarine tenders based in the
continental United States to adopt a more stringent usage
criterion for es' blishing and retaining stock levels; require a
number He deployte submarines and tenders to test this more
stringent, criterion for year under operating conditions; and
change its policy so that submarine tenders will limit increases
in stock levels to quantities needed for current operations.
(Author/SC)
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The Navy can reduce future investments in
submarine support inventories by as much as
$106 million by improving policies and pro-
cedures for establishing and maintaining opti-
mum stock levels on submarines and tenders.
Although some improvements have been
made or promised,the Navy could do more.
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To the President of the Senate and the
Speaker of the House of Representatives

This report shows that the Navy can substantially reduce
submarine supply support costs without impairing readiness.

We made our examination pursuant to the Budget and
Accounting Act, 1921 (31 U.SC. 53), and the Accounting
and Auditing Act of 1950 (31 U.S.C. 67).

We are sending copies of this report to the Director,
Office of Management and Budget; the Secretary of Defense!
and the Secretary of the Navy.

o ptroler neral
of the United States



COMPTROLLER GENERAL'S SUBMARINE SUPPLY SUPPORT COSTS
REPORT TO THE CONGRESS CAN BE GREATLY REDUCED

WITHOUT IMPAIRING REIDINESS
Department of the Nary

hIGEST

The Navy's 106 nuclear submarines are
authorized to carry enough repair parts
to sustain continuous operations during
resupply intervals. These submel:ines
receive primary resupply support from
11 "submarine tenders"--ships that stock
supplies of parts for submarines assigned
to them--and 2 submarine bases. Six sup-
ply centers ashc:.- provide backup supply
support.

The Navy ove invests tens of millions of
dollars yearly in inventories of repair
parts because of weaknesses in establish-
ing and maintaining inventory levels on
board submarines and tenders. For example

-- the initial 90-day supply of prts for over-
hauled submiari'ies and tenders was based on
outdated and overstated estimates of
e:xpected usage (see ch. 2);

-- criteria used to establish the amount of
additional stock needed were too lenient
and resulted in frequent and large quanti-
ties of unneeded stock (see ch. 3);

-- the need for stock based on usage was over-
stated because inaccurate data, unrealistic
order-ship time, and unrealistic safety
levels were used (see ch. 4); and

--large excesses of onorder and onhand stock,
needed elsewhere, were not canceled or
redistributed by submarine tenders (see
ch. 5).

Over a 5-year period, the Navy can save as
much as $106.9 million in future investments
in supplies for submarines and tenders. This
can be doze while still keeping the submarines
and tenders ready for combat. How?

I h. Upon removal, the report
cover t Sould be noted hwror. i LCD-76-237



-- By updating more quickly and accurately
the initial 90-day allowances of parts for
overhauled submarines and tenders. This
should include greater reliance on the
latest 2 years' data on pts used by sub-
marines. Also, tender stocks not used
during the same period should be keep to
a minimum. Savings? $27.1 million.
(See ?. 5.)

-- By adopting more stringent criteria for
establishing the levels of stock that are
based on usage. Savings? $72.7 million.
(See p. 15.)

-- By improving the accuracy of usage data
and by using more realistic safety levels
and order-ship times in computing stock
requirements. Savings? $7.1 million.
(See p. 24.)

Additionally, submarine tenders can cancel
and redistribute millions of dollars of
excess stock each year by improving policies
and practices. (See p. 32.)

The Department of Defense generally agreed
with the proposals for iprovement and
cited several actions taken or planned
by the Navy which should save about $20
million. (See pp. 13, 31, and 35.)

Defense did not agree with three proposals:
(1) relying more on current data when up-
dating the rates used for replacing sub-
marine equipment parts, (2) having sub-
marines and submarine tenders adopt more
stringent stocking criteria, and (3) revis-
ing the Navy's policy to limit submarine
tenders' increases in stock levels to
quantities based on actual usage. (See
pp. 13, 21, and 22.)

GAO does not feel that the reasons for dis-
agreement are valid and, therefore, recom-
mends that Defense direct the Navy to:
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-- Eliminate initial estimates of parts needed
when updating eplacement rates and rely
more on the last 2 years' data if the rates
are not updated annually. (See p. 14.)

-- Require submarine tenders based in the con-
tinental U.S, to adopt a more stringent usage
criterion for establishing and retaining
stock levels. (See p. 22.)

-- Require a number of deployed submarines and
tenders to test this more stringent
criterion for 1 year under operating con-
ditions. (See p. 22.)

-- Change its policy so that submarine tenders
will limit increases in stock levels to
quantities needed for current operations.
(See p. 23.)
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CHAPTER 1

INTRODUCTION

The Navy's 106 nuclear submarines are authorize to
carry $271 million in inventories to sustain uninterrupted
supply operations. Thene submarines receive their primary
resupply support from 11 submarine tenders and 2 submarine
bases which have authorized inventories valued at $93 million.

The supply cycle ox . submarine has three inventory
phases. During construction, initial allowances are assigned
in sufficient quantities to provide unassisted support during
a stated operational period. A submarine maintains its in-
itial inventory levels by periodically ordering replacements
for material used during erations. After operating for
4 or 5 years, the submarin undergoes a maintenance overhaul.
At that time, it normally receives a supply overhaul to up-
date inventories on board.

INITIAL SUPPLY SUPPORT

The Navy provides newly onstructed submarines with sup-
plies to sustain uninterrupted operations for 90 days. These
allowances, called Coordinated Shipboard Allowance List In-
ventories, are prepared by the Navy's Ship Parts Control
Center, Mechanicsburg, Pennsylvania. To determine initial
90-day stockage quantities, the Navy uses a replacement
factor which is based on a fleet-wide usage rate. It re-
presents the expected annual failure rate for each item and
is supposed to be updated annually. A technician's estimate
is the basis for initial stockage of items without usage data.
Items which are not expected to be used within 90 days are
not stocked unless vital to the ships. These items are stocked
in minimum quantities on either the submarine or tender but
not both.

Initially, a submarine tender receives inventories suf-
ficient for self-support and for performance of its industrial
and resupply missions to assigned submarines for 90 days.
Basic authority to stock submarine support inventories is the
tender load ist. It is prepared and published by the Navy
Fleet Material Support Office. Quantities are based on 24-
month historical demand data from the submarines to be sup-
ported. When sufficient demand histories are not available,
the load list quantities are based on a fleet-wide replace-
ment factor.



PERIODIC RESUPPLY SUPPORT

To maintain their 90-day supplies: submarines restock
from tenders when they return to port from sea patrols. This
time in port--the refit period--occurs once each quarter and
lasts for about 1 month. .iring this time, the tender also
provides maintenance support. Tenders maintain their 90-day
supplies by ordering from supply centers, which, in the con-
tinental United States (CONUS), are located near the tenders.

Tenders and submarines add more authorized items and
additional items to their inventories based on repetitive de-
mands occurring after an operational period. The Navy's
policy for authorizing additional items is based on at least
two recurring demands in 6 months. Its policy for retention
is a minimum of one demand in 6 months. This policy provides
that nonrecurring demands for one-time requests not be con-
sidered for stocking additional items.

Although items added to submarine and tender inventories
because of recurring demands represent the smallest percent-
age of items aboard these ships, they are the most frequently
used. The Navy, therefore, gives these items (selected item
management items on submarines find demand-based items on
tenders) greater management attention.

Tenders use automated systems to determine increased
quantities, but submarines use manual systems. Tenders usually
recompute stock levels monthly, whereas submarines review
stock levels quarterly for necessary changes.

SUPPLY OVERHAUL

Submarines and tenders undergo supply overhauls after
about 4 or 5 years, at the same time they receive a shipyard
overhaul. Supply overhauls improve supply readiness by bring-
ing repair part inventories up to the levels prescribed in
updated allowance and load lists.

ORGANIZATION AND RESPONSIBILITIES

A tender normally provides supply and maintenance support
to one submarine squadron consisting of about 10 submarines.
The Navy has 10 submarine squadrons under the operational con-
trol of the Commander, Submarine Force Atlantic, Norfolk,
Virginia, and the Commander, Submarine Force Pacific, Pearl
Harbor, Hawaii. These two submarine commands are under the
respective fleet commanders who are responsible to the Chief
of Naval Operations.
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CHAPTER 2

NEED FOR MORE TIMELY AND ACCURATE

UPDATING OF INITIAL INVENTORY ALLOWANCES

The Navy can save an estimated $16 million to $27.1 mil-lion on initial inventory allowances of equipment repair parts
for overhauled submarines and tenders without impairing sub-
marine mission readiness. This can be done by more timely
and accurate updating of the inventory allowances in response
to changes in mission and demand.

UPDATING INITIAL INVENTORY
ALLOWANCES FOR SUBMARINES

Initial inventory allowances for newly constructed sub-
marines are considered part of the Navy's war reserves. They
must be maintained on board submarines throughout the 4- to
5-year operating cycle between major supply and maintenance
overhauls. When submarines are overhauled, their initial
allowance of repair parts is updated to provide for changes
in installed equipment and predicted equipment part failures.

Before 1969 the initial or updated 90-day inventory al-
lowances of repair parts for newly constructed or overhauled
submarines were based on technical estimates of expected
annual part failures. These were made when equipment was
introduced into the supply system. A new method--the best
replacement factor technique--was introduced in 1969. This
technique was designed to uniformly determine initial allow-
ances of repair parts for all ships, including submarines.
Under this method, exponential smoothing 1/ weights were as-
signed to recent and older usage data and-initial technical
estimates to obtain a desired weighted average annual usage.This average was then used to determine future requirements.

1/Exponential smoothing is a special kind of weighted moving
average. The new estimate of the average is updated period-
ically as the weighted sum of (a) the demand in the period
since the last review and (b) the old average. The new
average is a weighted sum of all past demand with heaviest
weight on the most recent data. Used properly, it can be
made to respond smoothly, automatically, and accurately to
any anticipated changes in the pattern of demand. (James A.
Constantin, "Principles of Logistics Management," Meridith
Publishing Company, N.Y. 1966.)
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When the Navy initially began using this technique, it
decided that the calculated weighted average of annual usage
would minimize the impact of initial technical estimates of
expected part usage over a 4-year period. This would result
from applying 40 percent to the most recent annual parts us-
age reported by the fleet and 60 percent to the older usage
data or the initial technical etimate. By applying these
exponential smoothing weights to the yearly updated parts
usage, the impact of the initial technical estimates of ex-
pected usage on new equipment parts would be reduced to
about 13 percent over a 4-year period.

Computing an equipment parts best replacement rate
fleet-wide and using this rate in updating the initial 90-day
repair parts allowances of an overhauled submarine is shown
below.

1,000 (annual reported fleet part failures) 0.10 (most
Ti,o0o (part population generating failures) recent an-

nual fleet-
wide fail-
ure rate)

0.10 (latest annual failure rate) X 0,40 (exponential smooth-
ing weight assigned
to latest annual
usage rate - 0.04

0.60 (initial technical estimate X 0.60 (exponential smoothing
of annual failure rate) weight assigned to

older usage rate) - 0.36

0.36 + 0.04 - 0.40 Equipment part fleet-wide best replacement
rate.

100 (part population on X 0.40 (best replacement - 40 (yearly
overhauled submarine) rate) expected

parts re-
placements)

40 (yearly expeLced X 90 1 - 10 Updated 90-day repair part
replacements) ' or allowance for overhauled

submarine.

Problems in updating repair parts allowances

Several problems arose regarding the criteria used by the
Navy in initially establishing fleet-wide best replacement
factors in 1969. The Navy applies the lower 40 percent weight

6



to the most recent usage dataj however, both military andcommercial publications on exponential smoothing stress thatthe highest weight ratio should always be applied to the mostrecent usage data. Furthermore, yearly equipment parts usage
reported by the fleet in 1969 showed that initial technical
estimates of expected parts usage were too high for 54 percentof the equipment parts in use and too low for only 6 percent.In addition, the Navy's stated objective of reducing the in-fluence of initial technical stimates of expected parts usageto a minimum of 13 percent over a 4-year period does not agreewith Department of Defense (DOD) policy. This policy, as setforth in DOD Instruction 4140.42, dated August 7, 1974, statesthat initial technical estimates of expected usage for new
equipment parts should be replaced entirely by actual usage
data after a 2-year demand development period.

The Navy also has had a number of problems with apply-ing the fleet-wide equipment part best replacement ) ,ctorssubsequent to their introduction in 1969. These lta.s haveonly been updated on a 3-year basis rather than yearly asintended. Also, when these rates were updated, the Navyused only the most recent year's usage as reported by the
fleet. Accordingly, 2 years of actual usage experience wasignored with each update.

Additionally, despite a systematic downward trend in
equipment parts usage, the Navy continued to use the pre-vious'y mentioned 60-40 exponential smoothing weights in up-dating replacement rates. Both military and commercial pub-
lications on the exponential smoothing technique agree that along-term upward or downward trend in usage pattern dictatesan upward adjustment of the weight to be applied to the mostrecent usage data. Failure to do so causes the weighted
average annual usage rate to adjust too slowly to consistent
changes in demand trends. The systematic downward trend inequipment parts replacement rates is shown on the followingpage.
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1969 initial
best replace- 1970 first 1973 second
ment rates Navy update Navy update

New rates (note a) (note b) (note c)
compared Number Per- Number Per- Number Per-
to old of parts cent of parts cent of parts cent

Increased 23,000 6 '9,977 4 36,301 5
Decreased 210,000 54 245,915 28 311,590 46
'Same 156,000 40 593,524 68 330,725 49

Total 389,000 100 879,416 100 678,616 100

a/Replacement rates for 1969 compared with initial technical
estimates of expected parts usage.

b/First of intended yearly updates of equipment parts best
replacement rates established in 1969. Update represents
weighted average sums of 40 percent of the then most recent
annual replacement rates reported by fleet plus 60 percent
of 1969 rates.

c/Intended yearly updates not made in 1971 and 1972 because
of other priority work. Therefore, represents update of
1970 replacement rates accomplished by obtaining the
weighted average sums of 40 percent of the then most recent
annual replacements reported by the fleet plus 60 percent
of the 1970 rates.

Impact of problems in updating
repair parts allowances

We statistically sampled updated repair parts allowances
totaling $19.9 million for 24 submarines overhauled between
June 1974 and June 1975. These updated allowances were
obtained by using fleet-wide best replacement rates last
updated by the Navy in January 1973. In arriving at these
updated rates, the Navy used reported fleet usage for a
1-year period endinig in March 1972. Had the Navy made a
yearly update of the January 1973 best replacement rates in
early 1974, based on the then latest annual reported fleet
usage, the updated repair parts allowances for the 24 sub-
marines could hav2 been reduced by an estimated net total 1/
of $2.2 million.

l/Net total is calculated by offsetting de,:reases in updated
allowances with increases. Our statistical sampling update
of the repair parts allowances for the 24 submarines showed
a decreased replacement rate for 68 percent of the repair
parts ad an increased rate for 15 percent.
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The updated repair parts allowances could have been
reduced further by an estimated net total of $4.4 million.
The Navy could have obtained this reduction if, in adition
to a yearly update of the best replacement rates, it had ap-
plied an 80 percent exponential smoothing weight to the then
latest annual fleet reported usage. The application of an
80 percent weight to the latest annual usage would, in our
opinion, have been appropriate. The majority of the equip-
ment repair parts in our sample had been introduced into the
supply system around 1970. Therefore, by 1974, these parts
had been in the supply system for 4 or more years but had
received only one best replacement rate update.

The Navy's single yearly update in 1973, in which a
40 percent weight was applied to the then latest annual us-
age, reduced the influence of the initial technical estimate
of expected usage on future requirements to 60 percent. Had
the replacement rates been updated yearly with continued ap-
plication of a 40 percent weight to latest annual usage, the
influence of the initial technical estimate through 1974
would have been reduced to 12.9 percent. On the other hand,
if in addition to the 1973 update the Navy had further up-
dated in 1974 ad applied an 80 percent weight to the latest
annual usage, the influence of the initial technical estimate
would have been reduced to 12 percent. The potential impact
of these conditions on the initial technical estimate of ex-
pected annual usage is shown below.

Influence of initial
technical estimates

Influence of initial based on Navy's single
technical estimates 1973 update using
based on yearly up- 60-40 weight ratio and
dates of rates using GAO's 1974 update with
60-40 weight ratio 20-80 weight ratio

(percent)

1970 new item 100 100
1971--end of

1st year 60 100
1972--end of

2d year 36 100
1973--end of

3d year 21.0 60 (Navy's
1974--end of 1973 update)

4th year 12.9 12 (GAO's 1974
update)

The following examples are typical of the reductions in
updated repair parts allowances for the 24 overhauled sub--
marines based on our tests.
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Based on the above sampling results, we estimate that
when the Navy's fleet of nuclear submarines is overhauled
during the next -year cycle, investments in updated repair
parts allowances can be reduced by $13.7 million. This can
be accomplished by either updating the fleet-wide equipment
parts est replacement rates yearly or, if done less fre-
quently, by using all intervening years' reported fleet usage
to determine the updated replacement rates. If the Navy would
use a 20-80 exponential smoothing rtio in updating the re-
placement rates, the estimated savings could be $24.8 million.

UPDATING INITIAL INVENTORY ALLOWANCES
FOR SUBMARINE TENDERS

When the tenders are overhauled, every 3 or 4 years,
their initial repair parts allowances are updated to provide
for changes in supported submarines. At that time, the Navy
reviews the repair parts and the past 24-month usage histories
of the submarines which will be assigned to the tenders when
the overhaul is completed. If the 24-month histories show
past usage of the repair parts carried by the submarines,
this data is used to determine the updated 90-day allowance
of repair parts for the overhauled tenders. If there is no
past usage for the repair parts carried by the submarines, the
Navy uses the previously mentioned fleet-wide best replacement
factors to update the 90-day allowance of repair parts to be
stocked by the overhauled tenders.

Problems in updating repair parts allowances

We statistically sampled the updated 90-day repair parts
inventories of two recently overhauled tenders. Our tests
showed that 38 percent of the repair parts had not been used
by the assigned submarines during the past 2 years. The parts
had been in the supply system for 2 or more y is. Many of
these repair parts were carried by the submari.aes in minimum
replacement quantities for insurance purposes. The remainder
of the unused repair parts were initially provisioned largely
because of initial technical estimates of expected usage.

The Chief of Naval Operations had issued policy guidance
which directs that insurance stocks not be carried on both the
tenders and their assigned submarines. As previously men-
tioned, insurance stocks are items for which there is little
likelihood of related equipment failure (possibility of one
failure in a 4-year period) but for which such failure would
abort submarine operations.
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Because the Navy used fleet-wide best replacement rates
to compute 90-day tender allowances for repair parts that had
not been used by assigned submarines during the past 2 years,
the two overhauled tenders we reviewed were often provided
quantities in excess of minimum replacement needs. Minimum
replacement needs represent the quantity of repair parts that
would be needed in the unlikely event of one equipment failure
in a 90-day period. Examples of this condition follow.

90-day 90-day allowances
minimum based on fleet-

Repair replace- wide best
part ment needs replacement rates

Resistor 1 7
Resistor 1 8
Pistor' ring 4 26
Rubber grommet 1 9
Resistor 1 7
Resistor 1 7
Spring 1 8
Packing 1 2
Contact 8 16
Bearing 2 10

Impact of problems in updating
repair parts allowances

On the basis of our tests, the updated 90-day repair
parts allowances of $3.2 million for the two tenders could
have been reduced by $420,000. This reduction could have
been realized if the allowances for repair parts, which are
not carried by the assigned submarines as insurance items
and which have had no use for 2 years, had been restricted
to minimum replacement quantities. Projecting this reduc-
tion to cover all tenders, we estimate that when the Navy's
fleet of submarine tenders is overhauled during the next
4-year cycle, investments in updated repair parts allowances
can be reduced by $2.3 million without compromising readiness.

AGENCY COMMENTS, OUR EVALUATION,
AND RCMMENDATIONS

We brought our findingb and proposals for corrective
action to the attention of the Scretary of Defense in August
1976. At the Secretary's request, the Acting Principal Deputy
Assistant Secretary of Defense (Installations and Loqistics)
commented on them in a February 1, 1977, letter. (See
app. I.) (For brevity, we have identified the comments merely
as DOD's throughout this report.)
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